INTRODUCTION To evaluate the impact of intermittent portal clamping (IPC) on long-term postoperative outcomes in patients with hepatocellular carcinoma (HCC). METHODS Clinical records of 355 patients underwent curative liver resection for HCC in January 2007 to December 2010 were retrospectively reviewed. According to how portal clamping was performed, patients were grouped as: IPC, n=113; other portal clamping (OPC), n=190; and no portal clamping (NPC), n=52. RESULTS Median recurrence-free survival (RFS) was statistically significantly shorter in the IPC (39.4 months) than OPC (47.3 months, p=0.010) and NPC groups (51.4 months, p=0.008). Median overall survival (OS) was also significantly shorter with IPC (46.3 months), versus 52.9 months with OPC (p=0.022) and 56.2 months with NPC (p=0.015). Kaplan-Meier survival analysis revealed that 5-year cumulative RFS was much lower in the IPC (42.5%) than OPC (50.9%, p=0.014) and NPC groups (49.6%, p=0.013). Five-year cumulative OS was also much lower in the IPC (44.9%) than OPC (58.0%, p=0.020) and NPC groups (57.7%, p=0.025). On univariate analysis, tumour grade, size and number, TNM stage, blood transfusion, vascular invasion and IPC were significantly inversely correlated with RFS and OS. On multivariate analysis, tumour size and number, blood transfusion, vascular invasion and IPC remained significant. CONCLUSIONS Our study suggests that IPC is an independent risk factor for poor long-term postoperative outcomes in patients with HCC.
Liver resection remains the curative therapy of choice for hepatocellular carcinoma (HCC). 1 However, the effective control of intraoperative bleeding is crucial to completing the operation and reducing postoperative morbidity and mortality. 2 Portal inflow occlusion (the Pringle manoeuvre) is the primary approach for reducing operative haemorrhage, 3 and intermittent portal clamping (IPC), a modification of the Pringle manoeuvre, is frequently applied in liver surgery. 4 However, it is unclear whether or not patients undergoing IPC have favorable long-term outcomes. It is has been reported that, in comparison with other clamping techniques, IPC maneuver may come with some pitfalls, 5 such as more intraoperative blood loss, prolonged duration of operation and excessive surgical manipulation.
To address this issue, we reviewed the clinical records of a large cohort of patients who underwent curative liver resection, with the aim of evaluating the impact of IPC on longterm postoperative outcomes in patients with HCC.
Methods
Three hundred and fifty five patients who underwent curative hepatectomy for HCC at the Union Hospital, Tongji Medical College, Huazhong Science and Technology University (Wuhan, China) or at the Third Xiangya Hospital of Central South University (Changsha, China) between January 2007 and December 2010 were included. Two hundred and thirteen patients were male and 142 female. Their mean age was 48.5±10.3 years (range 18-79 years). Written consent was obtained for all patients and the study was approved by the relevant institutional review boards.
Liver resection was carried out using Pean fracture or finger fracture approach, or the Cavitron Ultrasonic Surgical Aspirator (CUSA) technique. A minor hepatectomy was defined as resection of less than three segments of liver, while a major hepatectomy required resection of at least three segments. IPC was performed in 113 patients, which consisted of occlusion of the portal flow via clamping for 15 minutes followed by unclamping for 5 minutes, with the cycle repeated 2-3 times whenever necessary. A further 190 patients received other portal clamping (OPC), consisting of the continuous Pringle manoeuvre, preconditioning portal clamping or selective portal clamping, and 52 patients had the CUSA technique and thus no portal clamping (NPC). The choice over clamping was left to surgeon preference.
Following surgery, patients were followed-up with serum alpha-fetoprotein (AFP) measurements and imaging, comprising ultrasound, computed tomography and magnetic resonance imaging, every 2 months in the first year and every 3-4 months thereafter. Recurrence was defined as rebound AFP levels and the appearance of a new lesion on imaging. Recurrence-free survival (RFS) was defined as the interval between surgery and the date of diagnosis of first recurrence. Overall survival (OS) was defined as the interval between surgery and the date of death or last follow-up.
Statistical analysis
Data are presented as mean (standard deviation), median (range) and percentage. Demographic and clinical factors were assessed on univariate analysis, with between-group differences analyzed using Pearson's chi-squared test. For factors on univariate analysis with a p value of <0.05, multivariate analysis was performed to identify those predicting postoperative survival. Survival was compared between the groups using Kaplan-Meier analysis. Statistical analyses were performed using SPSS Statistics, version 19.0 (IBM, Armonk, New York, USA). p<0.05 was considered statistically significant.
Results
As shown in Table 1 , demographic and clinicopathological features were comparable between the groups. Mean follow-up was 49.7 months (range 6-66 months), and 328 patients had a minimum follow-up of 6 months. Seventeen patients were lost to follow-up within 1-5 months (six in the IPC group, nine in the OPC group and two in the NPC group), and 10 patients died within 3 months of surgery (three IPC patients, six OPC patients and one NPC patient).
The overall perioperative mortality rate was 2.8% (10/ 355). Among the 328 patients follow-up for a minimum of 6 months, 146 had recurrence (53/104 IPC patients, 75/174 OPC patients and 12/49 NPC patients), and 120 died of cancer-related causes (48 IPC, 65 OPC and 14 NPC patients). Median RFS and OS in the IPC group was 39.4 months and 46.3 months, respectively, which was significantly shorter than that seen in the OPC group (47.3 months, p=0.003, and 52.9 months, p=0.001, respectively) in the OPC group (51.4 months, p=0.009, and 56.2 months, p=0.002, respectively).
Five-year cumulative RFS was 42.5% in the IPC group, which was significantly lower than that among OPC patients (50.9%, p=0.025) and NPC patients (49.6%, p=0.020) ( Figure  1 ). Five-year cumulative OS was also significantly shorter in the IPC than in the OPC and NPC groups, at 44.9% versus 58.0% (p=0.014) and 57.7% (p=0.012), respectively ( Figure 2) .
Thirteen clinicopathological factors were evaluated on univariate and multivariate analysis to assess their correlations with RFS and OS. On univariate analysis, tumour grade (low/ undifferentiated), tumour size (>5 cm), tumour number (≥2), TNM stage (III), blood transfusion, vascular invasion, liver cirrhosis, hepatitis B virus (HBV) replication and IPC were significantly negatively correlated with RFS. Tumour size (>5 cm), tumour number (≥2), liver cirrhosis, HBV replication, blood transfusion, vascular invasion and IPC remained significant on multivariate analysis (Table 2) .
There were similar results on univariate analysis for factors associated with OS, with tumour grade (low/undifferentiated), size (>5 cm) and number (≥2), and TNM stage (III), blood transfusion, vascular invasion and IPC all significantly negatively correlated with OS. However, multivariate analysis demonstrated that liver cirrhosis, HBV replication, TNM stage and tumour grade were no longer associated with OS, while tumour size/number, vascular invasion, blood transfusion and IPC remained significant (Table 3) .
Discussion
HCC is the sixth most common malignancy and the third most common cause of cancer-related death worldwide. 6 Overall 5-year survival is typically less than 40-60%. 7, 8 A number of factors affect the survival of HCC patients after surgery, and these can be classified as: 9 tumour-related, including the size and number of tumours, HCC grade, macroscopic or microscopic vascular invasion and TNM stage; patientrelated, such as liver cirrhosis, HBV/hepatitis infection and impaired liver reserve; and surgery-related, including intraoperative blood loss, blood transfusion and frequent manipulations. In this cohort of patients, we found that the median RFS and OS was significantly shorter in IPC patients than in the OPC group following liver resection. Moreover, Kaplan-Meier analysis revealed that 5-year cumulative RFS and OS were much lower in IPC than in OPC patients. Our results indicated that, when compared with OPC, IPC patients experience earlier recurrence and more tumour-related deaths, suggesting that IPC may have promoted tumour recurrence and progression. Tumour characteristics are highly associated with HCC prognosis, [10] [11] [12] [13] with tumour size, number and differentiation and vascular invasion reported as crucial risk factors for a poor long-term postoperative outcome. In the current study, we found that tumour size, tumour number, and vascular invasion were associated high relative risks in terms of both RFS and OS (all p<0.001).
The evidence for the impact of surgery-related factors on postoperative survival among HCC patients is not quite as definitive. Some authors found that surgery-associated factors such as intraoperative blood loss, operative complications, operative time and the duration of portal occlusion were associated with poor postoperative survival, 14, 15 whereas others did not. 16, 17 Nonetheless, blood transfusion is usually considered as a predictor of poor prognosis in HCC patients, 18, 19 and our study supported the notion that blood transfusion can have an adverse impact on outcomes.
More importantly, the present study revealed that IPC was an independent risk factor associated with poor RFS and OS among HCC patients. The IPC manoeuvre is virtually an ischemia reperfusion injury process. 20 Evidence from the literature suggests that liver ischemic reperfusioninjury induced by portal clamping plays a critical role in tumour recurrence and progression in damaged remnant liver, both in animal models, [21] [22] [23] and in clinical practice. 24, 25 This process involves a number of signal pathways and pathological cascades that facilitate tumour cell metastasis and growth. [26] [27] [28] Taken together, we believe that surgery-related factors can play an important role in postoperative survival in HCC patients. Previous studies have found that hepatectomy manipulations can significant influence the dislodging of cancer cells from the main tumour. 29, 30 Moreover, pressure gradients between tumour vessels and portal vein affect the spread of tumour cells into portal veins. 31 Indeed, excessive manipulation, prolonged operative times, dramatic pressure fluctuations in the tumourinterstitial space with IPC all can facilitate the shedding of cancer cells from main tumour and their spread along portal system to form metastases. Therefore, in addition to the 'favourable soil' produced by ischaemic reperfusion injury with portal inflow occlusion, IPC can enhance the spread of 'viable seeds', which ultimately increases the probability of HCC recurrence and progression.
Conclusions
To our knowledge, the current study is the first report with a large cohort of patients to demonstrate a significant, adverse impact of IPC on the HCC recurrence and progression. It suggests that IPC is an independent risk factor for poor long-term outcomes in HCC patients undergoing curative hepatectomy. However, a larger scale, randomised, prospective study is required to elucidate the underlying mechanism by which IPC induces poor postoperative survival among HCC patients.
